We reported previously that early meiotic transcripts are highly unstable. These mRNAs exhibit half-lives of approximately 3 min when expressed during vegetative growth in glucose medium and are stabilized twofold during sporulation in acetate medium. Two genes, UME2 and UME5, that regulate the stability of meiosis-specific transcripts have been identified. The wild-type UME5 gene, which has been analyzed in detail, decreases the stability of all meiotic mRNAs tested approximately twofold when expressed during vegetative growth but has no elFect on the half-lives of a number of vegetative mRNAs examined. The UME5 gene is dispensable for mitotic and meiotic development. Cells in which the entire UME5 gene has been deleted are viable, although the generation time is slightly longer and sporulation is less efficient. The UME5 transcript is constitutively expressed, and its stability is not autoregulated. The UME5 gene encodes a predicted 63-kDa protein with homology to the family of CDC28 serine/threonine-specific protein kinases. The kinase activity appears to be central to the function of the UME5 protein, since alteration of a highly conserved amino acid in the kinase domain results in a phenotype identical to that of a umeS deletion. Genetic epistasis studies suggest that the UME2 and UMES gene products act in the same pathway to regulate meiotic transcript stability. This pathway is independent of deadenylation and translation, two factors known to be important in regulating mRNA turnover. Significantly, the UME5-mediated destabilization of meiotic mRNAs occurs in glucose-but not in acetate-containing medium. Thus, the UME5 gene appears to participate in a glucose signal transduction pathway governing message stability.
Both transcription and mRNA stability play important roles in the regulation of gene expression. While many transcriptional control pathways have been elucidated, only recently have the mechanisms that regulate mRNA stability been examined (55, 58) . Studies have identified several factors that regulate mRNA stability, including growth conditions and cell metabolism. For example, levels of 1-tubulin monomers, free histones, and iron regulate the stability of ,B-tubulin (50) , histone (20) , and transferrin receptor (12) mRNAs, respectively. These factors act through cis-acting sequences within the 3' untranslated region or the coding region of the mRNA (48, 51, 63) . Some cis-acting determinants alter mRNA stability by affecting translation (1, 52, 80) or polyadenylation (47) . Transcripts such as those of c-fos (63) and yeast STE3 (24) contain multiple stability determinants, and the turnover of these transcripts is influenced by several factors. These studies demonstrate that many pathways have developed for regulating mRNA stability, although few of the trans-acting genes that mediate these pathways have been identified. In Saccharomyces cerevisiae, many genes that are required for meiosis are expressed only in MA Ta/MA Tot cells in medium lacking nitrogen with acetate as a carbon source (5, 17) . At specific times in meiosis, these transcripts accumulate as much as 70-to 100-fold over vegetative levels (3, 27, 77) . The meiosis-specific genes are classified as early, middle, or late by their time of peak induction (3, 56) . Recent studies have identified several trans-acting transcriptional regulators of genes that are expressed early in meiosis (33, 46, 66, 67, 67a, 75) . These regulators are organized into a complex system that may be necessary to maintain precise control of expression during vegetative and meiotic development (8, 60) . The absence of this control, such as the unscheduled expression of early meiotic genes during vegetative growth, may alter generation times and sporulation efficiency (67, 67a) .
We previously initiated a study of meiotic transcript stability to understand the role of mRNA turnover in regulating the expression of meiosis-specific genes (69) . Although this investigation demonstrated that changes in transcription were primarily responsible for the large induction of these mRNAs, it was also observed that changes in the rate of turnover contribute to their accumulation. Early meiotic transcripts were highly unstable when expressed during vegetative growth (half-lives of approximately 3 min) and were stabilized twofold during meiosis. Subsequent experiments showed that this difference in half-lives, which is specific to meiotic mRNAs, depends upon the carbon source (glucose versus acetate) and not on the developmental stage of the cell (mitosis versus meiosis). A mutational analysis of one early meiotic gene, SPO13, revealed the presence of determinants within the coding region that destabilize the mRNA. Normal translation of the SPO13 mRNA was also shown to be required for maximum instability. The investigation described below was undertaken to identify trans-acting genes that modulate these effects and are essential for the rapid turnover of the meiotic transcripts.
MATERIALS AND METHODS
Strains and media. Escherichia coli LE392 was used as the host for plasmid amplification (22) . The yeast strains used in this study are listed in Table 1 . The Luria-Bertani medium for growth of E. coli (44) and the YPD, YPA, and complete synthetic media for growth and SPII medium for sporulation of yeast cells (62) AMTh his4-c leu2-3,112 ura3-1 67a
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MATa can] -100 his4-519 leu2-3,112 rpbl-l ura3-1 rbpl-l (49 (39) . The 3.7-kb BamHI-ClaI fragment containing UME5 was inserted into the BamHI and Sall sites of plasmid pBM150. The GAL]-ume5-4 fusion was constructed in a similar manner by using the ume5-4 allele. Plasmid pPL144-13, used in constructing the UME5 deletions, was made by replacing the 3.2-kb SacI-HpaI fragment from the UME5 region with a BglII-SalI fragment containing the LEU2 gene. The UME5 gene was cloned into a high-copy-number vector by inserting the 4.2-kb ClaI-Sacl fragment into plasmid pRS426 (14) . The GALl-SP013 fusion containing a nonsense mutation (F127) (69) and the spo]3-lacZ (67) fusion have been described previously.
All RNA probes were synthesized in SP6, T3, or T7 in vitro transcription reactions (43) . The structures of the SP013 3', SPOI], SP012, IME], GAL], HIS3, and 18S rRNA probes have been described (69 (57) .
For sequencing, a series of nested deletions were generated for both strands by using exonuclease III as described by Henikoff (25) . Double-stranded templates were sequenced by the dideoxynucleotide chain termination procedure (59) with the Sequenase sequencing kit (United States Biochemicals, Cleveland, Ohio). Protein homologies were identified with the BLASTP search algorithm (2) . Alignments between homologous sequences were made with the Megalign program (DNASTAR, Madison, Wis.).
RNA analysis. The procedure for measuring the half-life of GAL] fusion mRNAs has been described elsewhere (69) . Briefly, cells bearing the fusion construct were grown in galactose-containing medium for 6 h to induce expression and then shifted to glucose-containing medium to repress transcription, and aliquots of cells were harvested and frozen at various times after the shift. In the rpbl-] strains (49) , mRNA half-lives were measured by growing the cells in YPD medium at the permissive temperature of 25°C, shifting them to YPD medium at the nonpermissive temperature of 37°C, and removing aliquots at various times after the shift (53) . Isolation of total RNA (16) , analysis by SI protection (7) , and quantitation of RNA levels (69) have been described previously. , and RSY107 (UME2 umeS) containing the GALI-SP013 fusion (F24) were grown in galactose-containing synthetic medium and transferred to a 2% glucose solution, and aliquots were removed at the times indicated. SI protection analysis was performed with 20 ,ug of total RNA and radiolabeled SP013 probe. The multiple bands result from multiple transcription termination sites. V, RNA prepared from log-phase cells grown in YPD medium. The GALI-SPOI3 bands (arrows) were excised, and their radioactivities were counted. RNA levels were normalized to levels of the ACT] mRNA at each time point. The percentage of the fusion mRNA relative to the zero time point was determined and then plotted against time of the shift on a semi-log graph. (B) GAL] mRNA was analyzed as described for panel A except that a GAL] probe was used. The multiple bands result from multiple transcription termination sites. (C) ACT1 mRNA was analyzed as described for panel A except that an ACT] probe was used. mRNA levels were normalized against ACTI mRNA or 18S rRNA levels. Half-lives were determined by linear regression analysis of the data from at least two independent time courses. Any set of data with a correlation coefficient of less than 0.90 was disregarded. For any experiment, the half-lives calculated from the independent time courses differed by no more than 16%.
Northern (RNA) blot analysis was carried out with 20 ,ug of total RNA or 2 jig of polyadenylated RNA and 2 x 106 cpm of 32P-labeled probe (71) . Primer extension reaction mixes each contained 20 ,ug of total RNA and 4 x 104 cpm of the 32P-end-labeled primer (42) .
Levels of UME5 mRNA throughout the cell cycle were determined after synchronization with synthetic a-factor (41) . UME5 mRNA levels during meiosis were examined in the isogenic diploids W303 ao/a and W303 a/a, which were grown in YPA medium to the mid-log phase and resuspended in one-fifth volume of SPII medium.
Polyadenylation of the GALl-SPO3 mRNA was examined by RNase H protection analysis (29) . Total mRNA (20 ,ug) was annealed to 5 ,ug of an oligonucleotide (5'-GGCCAA CAAAATCTCCGTTATTAGAAATCG). As a control, 500 ,ug of oligo(dT),2-17 was added to remove the entire poly(A) tail during RNase H treatment. After hybridization, 1 U of RNase H was added, and the tubes were incubated at 37°C for 1 h. RNA samples were treated with glyoxal and fractionated on a 5% NuSieve 3:1 agarose gel (FMC, Rockland, Maine).
Site-directed mutagenesis. A mutation was inserted in the kinase domain of the UME5 gene by PCR with the oligomers PR5 (5'-GCCATFAGAAAGYTICAAGAC) and PR6 (5'-CThI7lCTAATGGCATAAAATACCG) (4) . The SacI-SphI fragment from UME5 was inserted into a plasmid pUC19 derivative (79) The identification and preliminary characterization of six ume (for unscheduled mitotic expression) mutant genes have been described previously (67, 67a) . The mutations were detected by increased expression of a SP013-lacZ fusion during vegetative growth. It was subsequently shown that these alleles affect expression of the wild-type chromosomal SP013 gene as well.
To determine whether the increased expression results from changes in transcription or mRNA turnover, the stability of the SP013 mRNA was examined in each of the ume mutants. A transcriptional fusion between the GAL] promoter and the SP013 gene (F24), used in previous studies to measure mRNA half-life, was used in these experiments (69) . Transcription of the fusion mRNA was induced to high levels in galactose medium and repressed by the addition of glucose, and the rate of decay of the mRNA was determined by quantitative SI protection analysis and normalized to ACT] mRNA levels ( Fig. IC) . In a congenic wild-type strain, RSY75, a half-life of 3.2 min was observed for the fusion mRNA ( Fig. IA) , in good agreement with the value determined previously (69). The lime], ume3, ume4, and ume6 mutants also exhibited an mRNA half-life of approximately 3 min for the F24 transcript (data not shown). In contrast, in the ume2 (RSY94) and umeS (RSY107) mutants, the fusion mRNA displayed a half-life that was twice as long (6.4 and 6.5 min, respectively) ( Fig. IA) .
Two experiments ruled out the possibility that the difference in half-life observed for the ume2 and umeS mutant mRNAs results from changes in repression of transcription from the GAL] promoter by glucose. First, the half-life of the wild-type GAL] transcript was similar in the wild-type, ume2, and ume5 strains (5.0, 5.2, and 4.7 min, respectively) (Fig. 1B) . Second, the stability of the GALI-SPOI3 mRNA was measured in strains containing the rpbl-] mutation, a temperature-sensitive lesion in the RNA polymerase II gene (49) . The half-life of the GALI-SP013 mRNA, determined by measuring mRNA levels at various times after cells were shifted to the nonpermissive temperature for transcription, was twofold longer in the ume2 and umeS mutants than in the wild-type strain (data not shown). We therefore conclude that the observed differences in the half-life of the fusion transcript result from changes in mRNA stability and not from differences in transcription from the GAL] promoter.
Isolation of the UMES gene. The remainder of this study focused on characterization of the UMES gene. The wild-type UMES gene was cloned by virtue of its ability to complement the increased mitotic expression of a SP013-lacZ fusion gene in a umeS recipient strain. Transformants (approximately 2,100) from a yeast DNA library were screened for 3-galactosidase expression, and four colonies with wild-type levels were obtained. Restriction analysis of the library plasmid in each strain revealed that they contained overlapping yeast sequences. Reintroduction of one of the plasmids into a umeS mutant strain decreased the half-life of the GAL]-SPOJ3 fusion mRNA from approximately 6 min to 3 min (data not shown). To determine whether the wild-type UMES gene or a second-site suppressor had been isolated, the LEU2 gene was integrated at the chromosomal locus of the complementing sequence in a umeS mutant strain. Cosegregation of the LEU2 and umeS markers in all 20 tetrads analyzed demonstrated that the wild-type UMES gene had been isolated (data not shown).
The UMES gene product is similar to the family of CDC28 Fig. 2 and 3 ). This predicted protein is basic (pl, 9.6) and has a codon adaptation index of 0.120, indicative of a poorly expressed protein (61) . The sequence homology search algorithm BLASTP (2) revealed significant homology between the predicted UME5 protein and the family of serine/threonine-specific protein kinases, which includes the S. cerevisiae CDC28 protein (Fig. 4) (23) . The predicted UME5 protein displays between 30 and 40% homology to other kinases in this family, and this homology extends to all kinase subdomains. The highly conserved amino acids present in other kinases are also found in UME5 (23) . Portions of the UME5 protein outside of the kinase domain show no significant similarity to other proteins in the data base.
UME5 is required for optimal growth rate and sporulation efficiency. A deletion of the UME5 gene was constructed by using plasmid pPLl44-13, in which the entire UME5 coding region was replaced by the LEU2 gene. Transformation of diploid strain C170 to Leu prototrophy with this plasmid yielded transformants with one UMES and one ume5::LEU2 chromosome. Among is not essential for spore germination or growth. Among those that of the wild-type strain (1.46 h for RSY75 versus 1.94 h for tetrads, however, two large Leu -spore colonies and two small D39) (Fig. 5A) (Fig. SB) . Finally, a diploid homozy- AKv,--.LR iV. FV2i.V.: (36) , 36% identity to the Schizosaccharomyces pombe cdc2 protein (cdc2-P) over 297 amino acids (64) , 37% identity to the human CDC2 protein (CDC2-H) over 297 amino acids (34) , 37% identity to the human CDK2 protein (CDK2-H) over 298 amino acids (74) , and 32% identity to the S. cerevisiae PH085 protein (PH085-C) over 305 amino acids (72) . Spacing between kinase subdomains in UME5 is similar to that found in other kinases except for the large insertion (75 amino acids [aa] ) between the first and second subdomain, as noted in the figure (23) .
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gous for the umeS deletion (C173) sporulated less efficiently than a wild-type diploid (C170) (30.5% versus 69.0%, respectively). However, among the diploids that do sporulate, no changes in sporulation kinetics or spore germination were observed.
Growth, sporulation, and mRNA turnover were also monitored in strains that overexpress the UME5 gene. At least 20-fold overexpression was achieved by either inserting the gene on a high-copy-number plasmid containing a 2,um origin of replication or fusing the coding portion of the gene to the GAL] promoter. Strains carrying the UME5 overexpression plasmids showed no changes in generation time, sporulation efficiency, or stability of the GALI-SP013 fusion mRNA, suggesting that UME5 activity is not limited by transcript level (data not shown).
UME5 specifically decreases the stability of meiotic transcripts. The specificity of the UME5 gene in controlling mRNA stability was determined by comparing the half-lives of a variety of vegetative and meiotic transcripts in wild-type and ume5::LEU2 mutant strains, by using either GAL] fusions or the temperature-sensitive rpbl-l RNA polymerase II allele ( Table 3 ). The results demonstrate that the umeS mutation stabilizes all meiotic transcripts 1.6-to 2.2-fold, whether they are expressed in early (SP013 [78] , SPOI [3] , and IMEJ [33] ), middle (SPOJ2 [38] ), or middle-late (DIT2 [10] ) meiosis, but does not affect any of the vegetative mRNAs tested (GALl, HIS3, ACT], STE2, and FUSJ).
Mutation of a highly conserved amino acid in the kinase domain. The role of the predicted kinase domain in the function of the UME5 protein was determined by altering one of the highly conserved amino acids, a lysine residue, in this domain (Fig. 3) (23) . Alteration of the lysine residue at the homologous position in the p60%rc protein inactivated the protein (32) . A conservative substitution of arginine for lysine was made at position 183 in the predicted UME5 protein sequence, and plasmids bearing this mutant allele (ume5-4) on the wild-type allele (UME5) were introduced into ume5::LEU2 mutant strains (haploid D39 and diploid C173). We observed (umeS) were grown at 30°C in YPD medium, and cell densities were measured at 1.5-h intervals with a hemacytometer. Densities relative to that at the zero time point were calculated and plotted against time on a semi-log graph. (B) mRNA turnover in strains RSY75 and D39 containing the GALI-SPOJ3 fusion (F24) was analyzed as described in the legend to Fig. 1A with a SP013 probe. V, RNA prepared from log-phase cells grown in YPD medium. Multiple bands from the GALI-SPOJ3 mRNA (arrows) result from multiple transcription termination sites.
an increase in generation time (3.4 h for the ume5-4 allele and 2.4 h for the UME5 allele) (Fig. 6A) , a decrease in sporulation efficiency (42% for the ume5-4 and 86.5% for the UME5 allele), and a twofold increase in the stability of the GALI-SP013 mRNA (5.8 min for the ume5-4 and 2.9 min for the Fig. 2  and 3 ). Primer extension studies defined three clusters of major initiation sites plus a number of minor initiation sites (Fig. 3) . In cells grown in YPD medium, the UME5 transcript is present at similar steady-state levels in mid-log-and stationary-phase cells, and its levels remain constant at all stages of the cell cycle (data not shown). After a shift to sporulation medium, a MA To/MA Ta diploid (W303 oa/a) shows a 2.6-fold increase in UME5 mRNA levels, but a similar induction is also observed in a MA Toa/MA Toa diploid (W303 ax/ax) (Fig. 7A) . Therefore, this induction is not meiosis specific but results from growth under starvation conditions. This response has been observed for a number of vegetative genes (31) .
The stability of the UME5 mRNA was examined during vegetative growth by using a GALI-ume5-4 transcriptional fusion (F144-27). The ume5-4 allele, containing the kinase domain mutation, is transcribed and translated normally, although the resulting protein is nonfunctional. A probe capable of distinguishing the fusion and wild-type UME5 mRNAs was used. The results in Fig. 7B show that the fusion mRNA is highly unstable, with a half-life of 2.2 min in a wild-type strain and 2.0 min in a ume5::LEU2 strain. These end (positions 716 to 744) of the GALl-SP013 mRNA. The RNA was then treated with RNase H, which degrades the RNA strand of RNA-DNA hybrids. Treatment with RNase H in the presence of oligo(dT) results in removal of the entire poly(A) tail. In both strains, the length of the completely deadenylated 3' fragment was approximately 200 nucleotides, in good agreement with the major transcription termination site of the SP013 gene (Fig. 8, lanes 1 and 5) . The polyadenylated transcripts are represented by a diffuse signal trailing the 200-nucleotide band. During transcription of the fusion mRNA (in galactose medium), the maximum length of this polyadenylated fragment was approximately 275 nucleotides, indicating a poly(A) tail length of 75 nucleotides in both the wild-type and mutant strains (Fig. 8, lanes 2 and 6) . At subsequent time points after the cessation of transcription (in glucose medium), the length of the poly(A) tract decreased, but at the same rate in the wild-type and mutant strains (Fig.  8, lanes 3, 4, 7, and 8) . Thus, the UME5 gene does not exert its effects on stability through changes in poly(A) tail length or rate of deadenylation.
UME5 and UME2 act in the same pathway. Genetic epistasis analysis was used to determine whether UME5 and UME2 act in the same or independent pathways. We reasoned that if the mutant alleles act in the same pathway, their combined effects on mRNA stability should be similar to their individual effects, whereas if they act in independent pathways, their combined effects should be greater. A double mutant (D44) was created by introducing the ume5::LEU2 mutation into a ume2 mutant strain (RSY94). The half-life of the GALl-SPO13 fusion in the ume2 single mutant and ume2 umeS double mutant was 6.2 and 5.9 min, respectively, indicating that the two mutations act in the same pathway (Fig. 9A) .
Previously, we reported that drugs or mutations that disrupt the normal translation of the SP013 mRNA stabilize the transcript (69) . The same rationale outlined for the epistasis study above was used to determine whether destabilization of the GALJ-SP013 transcript by the UME5 gene requires translation of this mRNA. In this experiment, a GALJ-SP013 fusion bearing a nonsense mutation at position + 19 (F127) was introduced into a wild-type strain (RSY75) and a umeS mutant strain (D39). As demonstrated previously, the half-life of the nontranslated GALl-SPO13 mRNA is 5.9 min in the wild-type strain, approximately twofold longer than that observed for the wild-type SP013 fusion mRNA (F24) (compare Fig. 9B with Fig. 1A ). In the umeS strain, this half-life increased to 13.4 min. These results provide evidence for two independent turnover pathways, one dependent on translation and the other dependent on the UME5 gene.
UME5 destabilizes the chromosomal SP013 mRNA in glucose-containing medium. Previous studies showed that in wild-type strains, the SP013 mRNA is twofold less stable in glucose (vegetative) than in acetate (sporulation) medium (69) . To determine whether the UME5 gene mediates degradation of the SP013 mRNA specifically in glucose medium, mRNA turnover was assayed in wild-type (C193) and umeS mutant (C194) diploids homozygous for the rpbl-1 mutation. RNA stability was examined after the diploids were shifted from acetate medium at the permissive temperature for transcription to glucose or acetate medium at the nonpermissive temperature for transcription. In agreement with previous results, in the wild-type diploid, the chromosomal SP013 mRNA displayed a half-life of 3.3 min in glucose medium and 6.2 min in acetate medium (Fig. 10A ). In the umeS mutant diploid in glucose medium, the chromosomal SP013 mRNA showed a half-life of 6.6 min, very similar to the stability observed for the GALI-SP013 fusion transcript (Fig. 10B) . In contrast to the wild-type strain, the umeS mutant displayed little change in SP013 mRNA stability in acetate medium, which had a half-life of 5.9 min. Similar results were obtained when the chromosomal SPOIl mRNA was analyzed under identical conditions (data not shown). These results demonstrate that the UME5 gene regulates the chromosomal mRNAs and GALI fusion mRNAs similarly. More importantly, the twofold destabilization of meiotic transcripts in glucose medium requires the UME5 gene product.
DISCUSSION
In this report, we describe the isolation and characterization of the UME5 gene. This gene (i) destabilizes meiotic transcripts approximately twofold but has no effect on vegetative transcripts, (ii) is not essential for cell viability but is required for optimum growth rate in glucose-containing medium, (iii) encodes a predicted protein with homology to the CDC28 family of serine/threonine-specific protein kinases and is inactivated by a mutation in this kinase domain, and (iv) is required to destabilize meiotic transcripts in response to glucose. These results suggest that glucose, presumably acting through a signal transduction pathway, activates the UME5 protein, which phosphorylates a substrate that (directly or indirectly) increases the rate of turnover of meiotic mRNAs (Fig. 11) . Accordingly, in the absence of glucose, the UME5 protein is inactive, no phosphorylation occurs, and meiotic mRNAs are stabilized. Below, we discuss evidence for this model, considering first how the UME5 gene might control turnover of meiotic transcripts and then how UME5 activity itself is regulated.
The umeS mutation was identified by a twofold increase in the steady-state levels of meiotic mRNAs in vegetative cells (67) . In this study, we found that during vegetative growth, the umeS mutation stabilizes meiotic transcripts by as much as 2.2-fold. Thus, the increases in the steady-state levels of meiotic mRNAs can be completely explained by changes in mRNA stability. The UME5 gene regulates the stability of all meiotic transcripts tested, irrespective of their time of peak induction. In contrast, all of the vegetative mRNAs tested are unaffected by the gene regardless of their stability or whether they are expressed constitutively or conditionally. We specifically examined the stabilities of mRNAs encoded by genes under cell type control (FUSI) and mating type control (STE2), since these transcripts display short half-lives, similar to early meiotic transcripts (26 stabilized by a translation inhibitor or a nonsense mutation, indicating that normal translation destabilizes the mRNA. Other transcripts, including the yeast MA4Tal mRNA, are also destabilized by translation, which represents an important pathway for regulating transcript turnover (52) . Since the stability of a SP013 transcript containing a nonsense mutation is still regulated by the UME5 gene, we conclude that the UME5 gene does not require translation for its activity and that the two pathways act independently. Two cis-acting determinants within the coding region of the SP013 mRNA have been identified, and preliminary data indicate that the SPOil mRNA contains a different stability determinant in the 5' untranslated region (68, 69) . Since deletion of any of these sequences increases transcript stability twofold, one or more of these determinants may be recognized by the UME5 pathway.
In vivo and in vitro analyses of several transcripts has demonstrated that mRNA degradation is a multistep pathway (9, 47, 76) . The first step is deadenylation of the transcript, during which all or most of the poly(A) tail is removed. The transcript is then subjected to nucleolytic degradation. For some yeast transcripts, such as MFA2, deadenylation is a rate-limiting step, and mutations that alter the rate of deadenylation also change the half-life of the mRNA (47) . In contrast, the degradation of the PGK1 transcript is not limited by deadenylation, and the half-life of this mRNA is determined by the rate of endonucleolytic digestion (76) . The role of polyadenylation in regulating the stability of meiotic transcripts in S. cerevisiae is not known, but the experiments here rule out any effects of the UMES gene on deadenylation. In comparing the GALI-SP013 mRNA in wild-type and umeS deletion strains, the length of the poly(A) tract and the rates of deadenylation of the mRNA are identical. Alternatively, the UME5 pathway may alter the activity of a nuclease that specifically degrades meiotic mRNAs or may modify the transcripts to make them more susceptible to nucleolytic attack.
The factors that regulate the activity of the UME5 gene are not known. Two lines of evidence from this study indicate that the activity of the UME5 gene is not limited by the abundance of its mRNA. First, although UME5 transcript levels increase more than twofold during sporulation, rates of meiotic mRNA turnover actually decrease. Second, 20-fold overexpression of the UME5 mRNA has no effect on the stability of meiotic transcripts, generation time, or sporulation efficiency. The data also indicate that the UME5 gene does not regulate the stability of its own mRNA. The activity of the UME5 protein may be modulated in some other way, perhaps by phosphorylation. Multiple kinases are involved in the pathway that mediates glucose repression of transcription (see below), including one capable of autophosphorylation (13, 37) . The predicted UME5 protein does contain several possible phosphorylation sites, including one for tyrosine kinases (54 (21, 35) . For example, the iron-binding (Ip) (and perhaps the flavoprotein) subunit of succinate dehydrogenase in S. cerevisiae has been shown to be repressed by glucose at the level of both transcription and mRNA stability (35) . The half-life of the Ip mRNA decreases 12-fold after a shift from glycerol to glucose medium. It is not known whether other glucose-repressible genes are also regulated by mRNA turnover, but these studies raise the interesting possibility that the UME5 gene may control the stability of a broader class of transcripts. It must be noted that all glucose-repressible genes cannot be controlled in this manner, since the GALI mRNA is not regulated by UME5.
Meiotic genes are induced as much as 70-to (28, 65) . Immediately after the shift, transcription of the early meiotic genes is rapidly repressed, and the existing early meiotic transcripts are quickly degraded, in part by the action of the UME5 pathway (69) . The rapid degradation of the early meiotic transcripts thus may allow cells to resume vegetative growth rather than proceed unneccessarily through meiosis and spore formation.
